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ABSTRACT 
Adaptation to DieLary Protein of Nitrogenous Components 
in Blood and Urine 
by 
l~ang Hea Kim, Haster of Science 
Utah State University, 1969 
Hajor Professor: Dr. DeLoy G. Hendricks 
Department: Food and Nutrition 
A study was made of the adaptation to dietary protein of 
nitrogenous components in blood and urine of rats and humans. Forty-
four mature male rats "ere adapted to a low protein diet (10 per cent 
casein diet) for three weeks before they were divided into two groups. 
Four rats were then killed for a control, and twenty of the remaining 
rats were switched to a high protein diet (40 per cent casein diet) and 
the other twenty continued to be fed the low protein diet. Four rats 
fed each level of protein were killed 2, 4, 6, 8, and 10 days after 
they "'ere divided into two groups. A study similar to that carried 
out on rats was conducted on six male college students who were living 
in the same unit of a cooking dormitory. Blood and urine samples were 
taken when they were eating a normal diet as a control and then they 
were adapted on a low protein dict providing 12 per cent of the calories 
as protein for two weeks. They were then switched to a high protein 
diet containing 30 per cent protein calories for four consecutive days. 
The rats fed the 40 per cent cascin diet had a higher rate of 
weight gain and increased amounts of urine per 24 hours than the rats 
fed the 10 per cent casein diet. Urinary output of the human subjects 
on the diets containing 30 per cent protein calories was greater than 
when they received the 12 per cent protein calorie diet. 
There was a significant increase in total nitrogen and urea in 
serum and urine of rats and humans as the dietary protein level 
increased. The urinary excretion of uric acid, of creatinine in humans, 
and of urinary amino nitrogen and total serum protein in rats and 
humans were also increased appreciably as the protein intake increased. 
Ko significant effects or trends in serum amino nitrogen of humans, 
or serum creatinine in rats or humans were observed with the change in 
the level of dietary protein. The high casein diet fed to rats 
reduced the excretion of creatinine and serum uric acid, while the 
high meat intake increased the excretion of creatinine and of uric 
acid in the humans. It was also found that there was a high negative 
correlation between serum uric acid and urinary uric acid of rats, 
and between serum amino nitrogen and urinary amino nitrogen of human 
subjects. 
This study indicates that the body rapidly adjusts to an 
altered level of protein intake by changing the level of nitrogenous 
co~poncnts in blood and urine. 
(104 pages) 
INTRODUCTION 
The present study is concC!rned with the adaptive changes of 
the nitrogenous components in blood and urine to dietary protein. Some 
studies indicate that the urinary excretion of creatinine and uric 
acid remains relatively constant irrespective of the level of dietary 
protein while the output of urea varies with protein intake (Folin, 
1905; Fisher, 1954). Others have shown that there is a tendency for 
serum protein levels (Allison , 1955; Scrimshaw and Behar, 1961), free 
amino acid levels in serum (Van Slyke and Meyer, 1912; Denton and 
Elvehjem, 1954a), and urine (Sauberlich and Baumann, 1946) to increase 
as dietary protein intake increases. 
In the body, there are labile protein stores which are 
particularly sensitive to the changes in protein intake. The presence 
of these protein stores in different species of animals has been 
inferred from urinary nitrogen excretion immediately following con-
sumption of a protein-free diet. IJhenever the level of protein intake 
is altered, there is a time lag in the adjustment of the body to a new 
lC!vel of protein, which is reflected in a corresponding variation in 
the excret ion of nitrogen in urine. Moreover, the amount as well as 
the type of protein consumed would af£cct the distribution of 
nitrogenous constituents in urine. Furthermore, not only vegetable 
and animal sources of dietary protein influenced the nitrogen meta-
bolism, but also the different animal protein sources would show 
different responses. Therefore, the variations in either the quantity 
or quality, or both, of the ingested protein are reflected by changes 
2 
in the concentration of chemical substances in tissues and body fluids, 
and/or by the appearance or disappearance of specific metabolites 
(mainly nitrogenous compounds). 
Thus , the metabolism of body protein can be studied by 
analyzing the urinary nitrogen compounds. Urea excretion increases 
almoat linearly .-ich the increment of dietary protein. A highly 
significant linear relationship has been shO<Jn between nitrogen intake 
and nitrogen retention of humans (Abernathy et al., 1966). For adults 
consuming a mixed diet and maintaining a nitrogen equilibrium, the 
daily excretion of urinary nitrogen is a good measure of protein 
intake since a low excretion of urinary nitrogen in the urine is 
preceded by a low intake of protein ln the diet . 
Although the L\Onprotein nitrogen normally constitutes only 
about one per cent of the tolal nitrogen of the blood, the variations 
in these nonprotein constituents gives us an insight into some of the 
processes of ru\abolism and catabolism. Because the food nitrogen is 
carried by the blood to the various tissues and wasce nitrogen to the 
kidneys, directly or indirectly by the same medium, there is a 
temporary elevation in the nonprotein and aaino nitrogen of the blood 
after a meal containing protein. In diseases of the kidneys there is 
generally a very marked elevation in all forms of nonprotein nitrogen 
in blood. 
~1en the dietary protein level is reduced total serum 
protein, particularly albumin level, is reduced in humans (Scrimshaw 
and Behar, 1961) and in racs (Allison, 1955). There is also some 
evidence showing that the excretion of amino acids increased after a 
high protein meal in rats (Sauberlich and Baumann , 1946; Stein, Bearn, 
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and Moore, 1954). 
It is evident that an increased excretion of some nitrogenous 
components occurs in urine after a high protein diet . Thus, the 
measurement of nitrogenous components in blood and urine plays an 
important role in appraising protein status in the body. 
The major objectives of the present study: 
1. To measure the effect of dietary protein level on some 
nitrogenous components in blood and urine of rats and 
humans. 
2. To study the adaptive changes of nitrogenous components 
to dietary protein level. 
3. To study the significance of nitrogenous components in 
blood and urine in appraising nut ritional s t atus. 
Two experiments were conducted for the s tudy i nvol ving forty-
four mature male rats and six college male student s . The experiments 
were carried out during the five-month period from January to Hay of 
1968. The dala were processed by computer (IBM 360- 44), and two 
statistical analyses (analysis of variance and the least significant 
difference test) were used in evaluating the results. 
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REVIEW OF LITERATURE 
Basic Principles of Protein Metabolism 
The c lassical studies of Folin (1905) on nitrogen metabolism 
in the human had a significant influence on all subsequent research on 
this subject. He found froc his experiments studying changes in the 
distribution of the urinary constituents that there were at least two 
kinds of catabolism which were essentially independent and quite 
different. The amount of urea in urine varied according to the level 
o£ dietary protein and hence the level of protein metabolism, 
whereas the excretion o£ creatinine and of uric acid to a lesser 
extent was cons tant irrespective of the level of protein. 'fhereforc, 
Polin called the protein metabolism which tends to be constant 
"tissue metabolism" or "endogenous metabolism, " and the other , the 
variable protein metabolism "exogenous metabolism" or "intermediate 
metabolism. " He also pointed out that endogenous metabolism was 
related to body weight. The essential constancy of the endogenous 
protein catabolism has been repeatedly confirmed and i ts approximately 
constanL relationship to the basal energy metabolism has been 
established (Mitchell and lleadlc, 1950 ; Mukherjee and HiCchell, 1949) . 
Later isotopic studies of the same problem, by Mitchell (1955), have 
presented further evidence in favor of the essential features of 
Folin' s theory. 
There iS considerable evidence that tissue proteins are not 
all equally readily ca tabolized in the body . A l abile protein reserve, 
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sometimes called "deposit protein," is suggested by the well-knOioll\ 
time lag extending over many days in the adjustment of the adult 
organism to a sudden decrease or increase in the protein supply. 
Adults in nitrogen equilibrium on an adequate diet can be induced to 
store in their bodies considerable amounts of nitrogen and sulfur by 
the superimposition of proteln foods on their basal diets (Cuthbert-
son, McCutcheon , and Munro, 1937), or by the sparing of the basal 
protein by superimposition of carbohydrate or fatty foods (Cuthbertson 
and Munro, 1937). These induced nitrogen (or protein) storages are 
readily catabolized when the basal diet is again resumed. Martin 
and Robinson (1922) suggested on the basis of the observed time lag 
between the changes in the level of protein intake and the establish-
ment of nitrogen equilibrium that when the intake was high, protein 
appeared to be stored in the body; the stores do exert a protective 
function when the body is subjected to infections or poisons. 
According to ~!adden and I.Jhipple (1940), the plasma proteins 
can be drawn upon readily under conditions of dietary protein deficit 
and they are readily replenished by adequate protein nutrition. lienee, 
they are part of the reserve protein supply. Furthermore, plasma 
protein molecules "can be accepted as such by body cells and recast 
into specific cell protein without loss of nitrogen." 
Figure 1 illustrates mammalian protein metabolism. 
The ~~tabolic Fnte of Amino Acids 
The main, probably the exclusive, product of protein digestion 
circulating to the tissues are the free amino acids. The amino acids 
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Figure 1. Diagram illustrating mammalian protein metabolism (Munro, 1964) 
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may undergo anabolic reactions leading to the formation of cell protein 
and to the manufacture of a series of specific nitrogenous tissue 
constituents, whose subsequent metabolism accounts for some of the 
varied forms in which nitrogen is excreted in the urine. Amino acids 
not used for synthetic purposes undergo catabolic reactions in which 
the nitrogen is removed and excreted as urea, while the carbon 
skeleton is metabolized by a variety of degradative pathways leading 
to the tricarboxylic acid cycle and release of energy (Munro, 1964). 
The degradation of amino acids fall into two major stages 
according to Krebs (1964). In the first, the amino acids are con-
verted into intermediate products which can enter the tricarboxylic 
acid cycle. The second stage is the oxidation of the intermediates 
by this cycle. Some of the degradative reactions are common to a 
number of amino acids. These "general degradative reactions" are 
oxidative deamination, transamination, and nonoxidative decarboxylation. 
Other reactions--the great majority of the individual steps--are 
specific for each amino acid. 
There are two general means by which deamination can occur: 
(l) transamination of the amino group to some acceptor substance in 
relation to the synthesis of new amino acids, and (2) oxidative 
denmination, which is catalyzed by amino acid oxidazes in accordance 
with the following reaction: 
R-CH-COOH 
I 
NU2 
(amino acid) 
amino acid oxidase R-c-;ooH + NH3 
0 
a-keto acid 
From thie reaction it is evident that the end products are a keto acid 
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and ammonia. The keto acid is used for energy, and the ammonia is 
converted into urea and then excreted by the kidneys. Once amino acids 
have been deaminated, the resulting keto acid products can in most 
instances be oxidized to release energy for metaboli c purposes. This 
usually involves two processes: (1) the keto acid is changed into 
an appropriate chemical substance that can combine wtth one or more of 
the active compounds of the tricarboxylic acid cycle, and (2) this 
substance is then degraded by this cycle in the same manner that 
acetyl Co-A derived froo carbohydrate and lipid metabolism is 
degraded (Guyton, 1963). 
Endogenous and Exogenoua Nitrogen ~etabolism 
There are two series of processes involved in protein meta-
bolism, which Folin (1905) and Folin and Dennis (1912) distinguished 
as endogenous and exogenous. Allison (1959) studied the urinary 
nilrogen excreted in adult dogs fed a protein-free diet while they 
were in normal , depleted and repleted states . It was claimed that under 
these conditions the urinary nitrogen can be considered to be endo-
genous in origin, because all the nitrogen excreted during the period 
of feeding a protein-free diet came from body cellular metabolism. 
These shifts in excretion of endogenous nitrogen are primarily the 
result of variations in catabolism of amino acids in that part of the 
"metabolic pool" which contributes to the formation of urea. Changes 
in urea nitrogen excretion, however, can be of body nitrogen origin 
(endogenous) or of food nitrogen (exogenous) origin and can be 
associated with a number of metabolic pathways . The exogenous pro-
cesses nre taken to be those by which incoming foodstuffs are directly 
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catabolized ac races determined by level of supply (Fisher, 1954). 
The excretion of creatinine and of uric acid provide a good example 
. of the endogenous process. The relative constancy of creatinine 
excretion is independent of catabolism of amino acids which enter 
the urea cycle, and it appeared that uric acid excretion shows similar 
constancy if the di et is free from purines. The general conclusion was 
made by Allison (1959) that amino acids not used for anabolic purposes 
may enter into the urea forming metabolic cycle so that the excretion 
of urea nitrogen will rise and fall, not only with changes in cellular 
protein (endogenous) but also with dietary protein (exogenous) 
metabolism. 
Elimination of Nitrogen from the Body 
l'be kidneys are the chief organs of the body operating to 
maintain a constant composition o! the internal environment through 
the excretion of water solution (urine), of a composition to help 
correct tendencies toward abnormal changes in che body fluids 
(Allison and Bird, 1964). Thus, the work of the kidneys involves the 
excretion of substances present in excessive quantities, of waste 
products, and of toxic substances. The daily amounts of urinary 
nitrogen output of human subjects on high and low protein diets nre 
shown in Table l . 
Synthesis and excretion of urea 
Essentially all urea formed in the human body is synthesized 
in the liver. The precise stages in the for~ation of urea from 
srnuonia and carbon dioxide are not known , but the following represent 
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'!"able 1. Partition of urinary nitrogen output on high and 
low protein diets by human subjectsa 
Urinary nitrogen 
Totlll nitrogen 
Urea nitrogen 
Ammonia nitrogen 
Creatinine nitrogen 
Uric acid nitrogen 
Undetermined nitrogen 
a From Folin, 1905 
High 
the general mechanism (Guyton, 1963). 
Total dail~ ouq~ut ~aram N~ 
protein diet LO"W protein diet 
16.80 3.60 
14.70 2.20 
0.49 0.42 
0.58 0.60 
0.18 0.09 
0.85 0.27 
Ornithine __ +_c_o.t.?_+_N_H...;1~..-__ -4)Citrulline 
+NH3 l -H20 
Arginine 
Urea 
+H20 
(Arginase) 
The reaction begins with the amino acid derivative ornithine, which 
combines with one molecule of carbon dioxide and one molecule of 
ll111llOnia to form a second subst;mce, citrulline. This in turn combines 
wilh still another molecule of ammon!a to form arginine, which then 
splits into ornithine and urea. The urea diffuses from the liver cells 
into the body fluids and is excreted by the kidneys, while the 
ornithine is reused in the cycle again and again. 
Although the understanding of the renal mechanism for 
11 
concentration of urea is as yet incomplete, there is suggestive 
evidence that urea may be actively reabsorbed by renal tubules of 
human beings or of herbivores during chronic ingestion of diets 
extremely low in protein. The variations in urea clearance must be 
due to tubular rather than glomerular regulation (Allison and Bird, 
1964). 
Urea clearance varies with protein content of the diet for man 
(Schmidt-Nielsen, 1958). On a normal or a high protein diet the urea 
comprises the greatest part of the urinary nitrogen, whereas on a low 
protein diet the urinary urea nitrogen forms a smaller fraction. 
Since urea has some diuretic action, consequently on a high 
protein diet the volume of urine eliminated tends to be increased . 
Nucleoprotein catabolism might contribute to some extent to 
urea and ammonia of the urine in man (Vasantgadkar and Tupule, 1963). 
Amino acld reabsorption 
Quantitatively and qualitatively, the amino acid levels in 
the urine of normal individuals ore relatively insensitive to the 
amount of protein in the diet (Stein, Bearn, and ~ore, 1954). 
Because the amino acids in the plasma are freely filtered through 
the glomerulus, their comparative absence from the urine implies 
very efficient reabsorption in the renal tubules . 
Pitts (1943) demonstrated in the dog that several amino 
acids are reabsorbed by a single tubular mechanism with limited 
transport capacity. When one amino acid was infused in large amounts, 
it displaced others from the transport mechanism, causing their rates 
of excretion to increase. He proposed that several amino acids were 
not only reabsorbed by the same tubular cells but also shared and 
12 
competed for the same mechanism within a given cell. 
If the concentration of amino acids in the blood is raised 
by intravenous infusion, the threshold concentration for excretion 
in the kidney may be exceeded. Under these conditions, amino acids 
in relatively large amounts may be excreted in the urine of man 
(Allison and bird, 1964). 
Excretion of creatinine 
The concentration of creatinine in urine of the human is 
generally thirty-five to forty times that of plasma (White, Handler, 
and Smith, 1964). 
Bleiler and Sclledl (1962) have recently studied the variability 
and relationships of creatinine excretion by diet and body size in 
regard to the creatine pool in normal man. They. have shown that the 
rates of addition of creatine to, and loss o f creatinine from the 
precursor pool depends upon the dietary intake and synthesis of 
creatine and the conversion of phosphoryl creatine and creatine to 
creatinine. They found that ingestion of creatine and creatinine-free 
diets, but adequate in protein, adjusted pool size coward supply and 
demand and lowered creatinine excretion. 
Tile excretion of creatinine was found to remain almost constant 
in normal, castrated, or thyroidectomized female rats, but castration 
lowered the excretion of creatine (Allison and Leonard, 1941). 
On a creatinine-free diet, muscle creatine and phosphocreatine 
are the only sources of urinary creatinine (endogenous). Borsook and 
Dubnoff (1947) showed in the rabbit that most of the creatinine formed 
in the body arises from the spontaneous decomposition of creatine 
13 
phosphate to yield creatinine plus inorganic phosphate. 
Because the daily excretion of creatinine by man is remarkably 
constant on an individual basis the amount of creatinine excreted by 
an individual is recognized as a good estimate of the relative amount 
of skeletal muscle. Standard, l4ill!s, and Water low (1959) used 
creatinine excretion as an estimate for muscle mass in malnourished 
infants. It is known that considerable skeletal muscle may be 
sacrificed during periods of protein deprivation to prevent the loss 
of protein from more vital tissues of the individual. 
Uric acid and other purines 
It has been observed by Christman (1952) , Davidson (1960), 
and Laskowski (1951) that the ingested nucleic acids derived from 
nucleoproteins are broken down in the a nimal intestine by digestive 
enzymes yielding free purine bases, phosphoric acid and free sugars. 
The deaminated products of purine bases are largely oxidized to uric 
acid ond excreted. 
It is presumed that uric acid is an end-product of human 
metabolism and, as such, is not further catabolized. This presumption 
is based largely upon indirect evidences such as the failure to 
demonstrate uricase in human tissues and the uncertain role of 
allantoin in human metabolism (Buzard, Bishop, and Talbott , 1952). 
On the other hand, Geren ct al. (1950) presented evidence that uric 
acid orally adminis t ered to a normnl man is largely degraded to urea 
and ammonia whereas the bulk of the intravenous uric acid is eKcreted 
unchanged. 
Uric acid production and excretion proceed at a rather constant 
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rate in man when the diet is free of purines. This uric acid is 
derived from the endogenous purine metabolism and, as with many body 
constituents, reflects a steady state in which the rates of purine 
synlhasis and purine catabolism, measured by the excretion of uric 
acid, are approximately equal (l,'hite, Handler, and Smith, 1964). 
Unlike creatinine and urea , uric acid is a compound which 
appears in urine when the concentration in plasma exceeds values just 
above normal. The threshold appears to be influenced by one or more 
of the adrenal cortical hormones, administration of which increases 
urinary excretion of urate due to decreased uric acid absorption in 
the tubules for the Dalmatian and lowers plasma concentration of uric 
acid (Christman, 1952; \,'hite, Handler, and Smith , 1964). 
Effec t of Dietary Protein on Nitrogenous Components 
of Blood and Urine 
Total nitrogen 
Total urinary nitrogen. Cradual increase of total nitrogen 
output was shown by Waterlow (1963) as nitrogen intake increased in 
malnourished infan<s. Several investiga<ors have observed (Folio, 
l90S; Martin and Robinson, 1922; Copalan and Rao, 1966; Deuel et al., 
1928) that ln human subjects a proteill-free diet following a normal 
protaill intake causes urinary nitrogen to decrease rapidly at first 
and then slowly to reach a fairly steady level or to decrease rather 
slowly thereafter . The decrease in urinary nitrogen excretion following 
a protein-free diet in well nourished subjects consists of two phases, 
one rapid phase which represents loss of labile protein stores when 
the urinary nitrogen excretion decreases to a low value within a few 
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days and the other a slow phase which may represent loss of more 
stable proteins when the nitrogen excretion decreases rather slowly 
until it reaches a steady state (Munro, 1964; Allison and Wannemacher, 
1965). 
Total serum protein 
Feeding low protein diets has been associated with decreased 
total seruo protein, particularly the serum albumin fraction. This 
was shown in rats by Allison (1955), in humans by Scrimshaw and Behar 
(1961), and in chicks by Leveille, Feigenbaum, and Fisher (1960), 
Leville and Sauberlich (1961), and Thomas and Combs (1967). Similarly 
serum protein, particularly albumin, ~s low in children with 
kwashiordor (Dean and Schwartz, 1953). However, Albanese (1959) has 
cited cases where low protein intakes have not been associated with 
low plasma protein levels; in fact, above normal levels have been 
observed in relatively undernourished individuals. 
No positive correlation of serum protein concentration with 
dietary protein was seen by Morgan, Hurai, and Gillum (1955) in men 
and women over fifty years of age and Youmans et al. (1943) in a 
survey of some 1200 persons, nearly half of whom were over 21 years of 
age. Youmans et al. failed to demonstrate hypoproteinemia in low 
income groups in the Unit~d States and Canada. 
Reducing the daily energy allowance without changing the 
protein intake in chicks (Thomas and Combs, 1967) or inadequate 
calorie intake of infants (Graham, Cordano, and Baertl , 1966) favors 
the synthesis of ser~ albumin and consequently a rise in total serum 
protein. The mechanism which normally regulates the concentration of 
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albumin ln the serum are not well known. Available evidence suggests 
that low calorie intake and weight loss, with a resulting increased 
catabolism of muscle protein and an increase of adrenal cortical 
activity (Castellanos and Arroyave, 1961) favors synthesis of albumin 
by the liver of children and normal baboons. 
High carbohydrate intake by rats favors the transport of 
available amino acids into muscle cells and their incorporation into 
tissue proteins; this occurs at the expense of serum albumin, 
possibly through increased secretion of insulin. 
Dietary protein source. On a predominately vegetable protein 
diet the urea nitrogen excretion is generally lo" and con tributes about 
60 per cent of the total nitrogen in urine. The increase in total 
urinary nitrogen on animal protein diets was almos t entirely due to an 
increase in the urea component in adults (Vasantgadkar and Tulpule, 
1963; Phansalkar and Patwardhan, 1954). It was found that there was a 
considerable rise in urea nitrogen after clinical recovery of kwashiorkor, 
particularly in patients receiving animal protein diets; urea nitrogen 
rose only slightly in those receiving vegetable protein diets. Since 
the absolute amounts of ammonia, amino nitrogen, creatinine, hippuric 
acid, and total imidazole compounds seemed to vary within normal limits, 
Vasantgadkar and Tulpule (1963) concluded that the quality of the 
dietary protein selectively influenced the urea component of the urinary 
nitrogen in normal human adults. Furthermore, an inverse relationship 
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between urea nitrogen and the undetermined nitrogen was observed. 
In their study it was demonstrated that the proportion of undetermined 
nitrogen was reduced by about 5 per cent after partial replacement of 
dietary vegetable protein by egg and milk protein, and the gap was 
further reduced when the animal proteins of cellular origin (meat 
and liver) were included in the diet. 
Serum urea. Urea is a substance to which the body is chemically 
and physiologically indifferent. It is an end-produce of protein 
metabolism and participates in no chemical reactions. Except in the 
kidneys it has no osmotic effect because it is distributed evenly 
through the water of all organs and tissues. So we need not be 
surp rised when we find, as we do, that there is a wide varia tion in 
the urea concentrations in the blood of normal individuals (Addis 
et al. , 194 7). 
A high protein diet, with normal or subnormal urea elimination, 
will result in a higher blood urea (Addis and Watanabe, 1917) followed 
by a fall to a lower level after resumption of a normal diet for 
young healthy adults. Similarly, the increased catabolism of body 
protein may have the same effect. Toxic, febrile conditions, severe 
hemorrhage, impairment of renal function , or dehydration may cause a 
high blood urea (Kleiner and Orten, 1966). 
The low concentration of blood urea nitrogen in the children 
with kwashiorkor was confirmed by many workers (Arroyave et al., 1962; 
Dean ond Schwartz, 1953). 
Urinary urea. The excretion of nitrogen metabolites increased 
with increasing amounLs of d1eLary protein and the increase in urea 
was larger than that of uric acid and allantoin (Muramatsu, 1955). 
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According to Kiriyama and Ashida (19b4), urea excretion in the urine 
of rats increased with the decrease of protein quality and increased 
with protein intake, or age, or both. 
The low concentration of urea nitrogen in children with 
kwashiorkor was confirmed by many workers (Dean, 1961; l~aterlow, 1963). 
Similarly in 1965, Schendel and Hansen also demonstrated that the 
absolute excretion of urea by infants with kwashiorkor was reduced 
and the absolute excretion increased significantly in the infants given 
milk ad libitum but not in those given a lesser amount of protein. 
Creatinine 
Dietary protein source. Since creatine is present in muscle 
tissue and is water soluble, it will be found in meat, meat gravies, 
meat soups, and meat extracts. 
Adding the precursors of creatine to the diet, such as 
glycine, arginine , and methionine, increased the excretion of creatine 
and creatinine in rats (Brown and Allison, 1948; Roth and Allison, 
1949). 
Serum creatinine. The normal level of serum creatinine is 
quits constant for a given individual and is not affected by age, diet, 
or other physiological factors. Creatinine may be increased in most 
of the circumstances in which urea is increased. Since the production 
o£ creatinine involves quite a different mechanism from that of urea, 
although in a sense it is a phase of protein metabolism, its level in 
the blood is not so closely related to protein metabolism as the urea 
level is. Renal physiologists have shown that normally creatinine is 
filtered by the glomeruli and is not reabsorbed. Thus, the blood 
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creatinine level in every case is a fairly reliable index of renal 
function (Kleiner end Orten , 1966). 
Arroyave et al . (1961) indicated a rapid rise i n the 24-hour 
urinary excretion of creatinine and a simultaneous fall in serum 
creatinine concentration parallel to the increase in urinary excretion 
during initial recovery from kwashiorkor. 
Urinary creatinine. According co ~uramatsu (1955) the amount 
of urinary creatinine "as unaltered by varying amount of protein, 
except a little increase on a protein-free diet. 
Ihe excretion of creatinine by infants with kwashiorkor was 
studied by many workers (Arroyave et al., 1961; Schendel and Hansen, 
1965; Waterlow, 1963; Dean, 1961; Standard, Willis, and Waterlow, 1959). 
Schendel and Hansen (1965) found that the excretion of creatinine by 
infants with kwashiorkor is much less than that of normal infants. The 
increase in creatinine excretion by the protein- depleted infants 
given milk ad libitum was significant after two weeks of refeeding 
whereas the increase in excretion by infants given lesser nmounts of 
nitrogen was not significant. It was supported by l~aterlow (1963) 
that the excretion of c.:eatinine by subjects wlth protei n malllutrition 
decreased for the first three weeks of treatment and then began co 
increase with body weight during the fourth week. Standard, Willis, 
and Wacerlow (1959) found that during recovery from kwashiorkor urinary 
creatinine increases proportionally to the increase in muscle mass. 
Ho"evcr , about hal£ of their patients and most of those of Arroyave et al. 
(1961) showed an abrupt transient rise in creatinine excretion during 
the first few days of treatment, followed by a variable drop, a 
phenomenon which seemed more marked in children with edema. Increased 
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excretion of creatinine on low protein diet was caused by the reduced 
renal capacity to eliminate endogenous creatinine. This phenomenon 
"as explained by Arroyave et al. (1961) in their studies of children 
with protein malnutrition. On the other hond, Dean (1961) reported 
an initial rise and fall in urinary creatinine excretion for some 
infants during the first several days of treatments. 
Uric acid 
Dietary protein source. It is kno~ that a large number of 
nucleic acids are found in all living cells, whether animal or 
vegetable, and in association with proteins they are located in all 
systens responsible for the oultiplication of cells and for protein 
synthesis. Milk and egg are non-cellular in nature and are low in 
nucleoproteins l<hi!e, on the other hand, certain animal proteins, 
viz., liver, sweetbread, and some varieties of fish are very rich 
sources of purine ond pyrimidine derivatives. Thus, a low content of 
milk, egg, cheese, fruit, butter, sugar, bread, cereal, and carrots 
causes no particular increase in uric acid excretion over the endogenous 
level, whereas the ingestion of food high in nucleoproteins, such as 
meats (especially liver, pancreas, end other glandul ar meats), meat 
extracts , and certain vegetables (such as legumes , mushrooas, end 
spinach) produce a marked increase in urinary uric acid. The conversion 
of dietary purines to uric acid is not quantitative, however. 
Serum uric acid. Although uric acid is the end-product of 
Mcleic acid and, in particular, of purine metabolism, the ingcs tion 
of large amounts of purine-yielding foods has very little effect upon 
uric acid of bumnn blood normally. Moreover under normal conditions 
no other factors seem to affect this level appreciably. Ingestion of 
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purine-rich foods results in an increase in the blood uric acid in 
nephritis, although in normal individuals it has little or no effect. 
An elevation of blood uric acid is one of the earliest signs of kidney 
disease in normal individuals. 
The blood uric acid may be increased abnormally for one or 
more of these reasons; there may be (1) a diminishe d excretion of uric 
acid, (2) an increased production of uric acid, or (3) a diminished 
destruction of uric acid (Kleiner and Orten, 1966) . 
The positive correlation between serum uric acid levels and 
protein intakes in oan may well be due also to the deterioration of 
the kidney circulation. Increased protein intake at least temporarily 
increa•es uric acid output with a corresponding decrease in circulation 
level in adults (;torgan, Murai, and Gillum, 1955). 
Urinary uric acid. Dietary intake of purines per se did not 
appreciably influence the excretion of purines in urine of adults 
(Basantgadkar and Tulpule, 1963; Weissman, Bromberg, and Gutman, 1957) . 
There was, however, a significant parallelism between the dietary 
purine and uric acid excretion, although the excretion of uric acid 
accounted for only a small portion of ingested purines according to 
Vasantgadkar and 1'ulpule (1963). 
It is "ell estab lishcd that the inge~tion of high protein diets 
or some amino acids such as glycine, alanine, aspartic acid and glutamic 
aci.d by man is followed by an increased excretion of uric acid in 
urine. 
The excretion of uric acid by infants with protein malnutrition 
appeared to be reduced at the time of admission to the hospital and 
to increase subsequently during replccion (Schendel and Hansen , 1965). 
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In general, intravenously injected isotopic uric acid is not 
quantitatively recovered as urinary uric acid in urine of normal man. 
Only 60 to 75 per cent of the uric acid replaced daily in the body pool 
is excreted in the urine (Buzard, Bishop, and Talbott, 1952; Benedict, 
Forsham, and Stetten, 1949). Therefore, Buzard et al. suggested that 
uric acid may not be the sole end-product of purine metabolism in the 
human. Furthermore, an appreciable concentration of N15 labeled uric 
acid was occasionally found in other catabolic fragments such as urea 
(Benedict, Forsham, and Stetten, 1949) which indicates perhaps there 
exists an alternate pathway of purine catabolism in human beings. 
The urinary excretion of uric acid by human subjects is 
partly regulated by endocrines. The administration of 11-bydroxysteroids 
of the adrenal cortex or of ACTII causes an increase of uric acid. It 
is not known whether this is due to an increased biosynthesis or to 
a decreased elimination of urlc acid (Kleiner and Orten, 1966). 
Free amino acids 
Serum free amino acids. It has been shown by VanSlyke and 
Meyer in 1912 that a high protein meal is followed by an increase in 
the concentration of total fr~e amino acids in the circulation of dogs. 
Later thls was supported by Denton, Gcrshall, and Elvehjem (1953), and 
Denton and Elvehjem (1954a, 1954b) using dogs. They showed that cha 
concentrat ion of amlno acids in the blood plasma usually increases after 
a protein meal and that the increase was generally proportional co 
the amounts of amino acids supplied by the protein. In 1959 Longenecker 
and Hause revealed the same results with mongrel dogs, in which a direct 
interrelationship between the postprandial plasma amino acid concen-
trations and the amino acid composition o£ the protein ingested was 
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established. 
However, Kirsner, Sheffner, and Palmer (1949) reported in their 
study of normal man that the free amino acid content of plasma 
fluctuated slightly but did not parallel the varying dietary protein 
intake. The following year, Steele, Reynolds, and Baumann (1950) also 
revealed that increasing intake of protein had little effect on the 
fasting levels of the individual amino acids in the plasma of college 
students and also the amounts of the amino acids in the plasma found 
during the fasting state did not parallel the amounts excreted in the 
urine over a 24-hour period. 
lt was claimed by Tuttle et al. (1962) that for men over 60 
years of age receiving a nutritionally adequate diet the proportional 
pattern of free amino acids in blood plasma is a rather constant one. 
Urinary free amino acids . That rats fed diets with 50 per 
cent casein excreted larger amounts of each amino acid than rats fed 
10 per cent casein diets was demonstrated by Sauberlich and Baumann 
(1946). Later this was substantiated in humans by Stein, Beam, and 
Moore (1954). ln a normal individual the excretion of amino acids 
increased after a protein meal; but the increase was not proportional 
to the dietary intake. 
Woodson et al. (1948) noted thBt the amino acids excreted 
by different subjects show no significant variations in amount, although 
there is a wide variation in the typa of normal diet , calorie intake, 
urine volume, and total nitrogen excretion. Eckhardt and Davidson 
(1949) using microbiological techniques observed no significant changes 
in tha quantity of amino acids excreted by a normal subject given 
varying amounts of protein. When protein was fed an increase in the 
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excr etion of amino acids and peptides occurred, but a large increase 
in the amount of protein ingested resulted in only a small increase in 
the quantity of amino acids excreted. Thus a large portion of the amino 
acids in the urine of subjects eating ad libitum may be consid~red to 
be of "endogenous" and only a small portion of "exogenous" origin. 
The exogenous excretion of the free forms of individual amino acids 
and of a-amino nitrogen probably r esults from spillage in the urine 
of amino acids coincident with their postprandial increase in the 
plasma. 
When a particular amino acid was omitted from a synthetic diet 
a reduction in the urinary output of several amino acids was observed 
in infants (Fowler et al., 1957). 
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METHODS AND PROCEDURE 
Experimental Design of the Study 
Studies on rats 
Forty-four mature male rats, weighing between 190 and 225 grams, 
were used in this experiment. They were caged individually and the 
0 0 
environmental temperature ranged f rom 20 C co 25 C. The rats were 
adapted to a low protein diet (10 per cent casein diet, see Table 4) 
for three weeks before they were divided into two groups. At the end 
of the three weeks preliminary period, four rats were killed for a 
control; and the rest of them were treated as follows: twenty rats 
were placed on a high protein diet (40 per cent casein diet, see 
Table 4) and the other twenty continued to be fed the low protein 
diet. All food and water were fed ad libitum, supplied every other 
day, and the consumption of the diets was measured. The rats were 
weighed at weekly intervals and before killing. Four rats fed each 
level of protein were sacrificed 2, 4, 6, 8, and 10 days after they 
were divided into two groups to study the adaptive changes of nitro-
gcnous components. Experimental design for studies on r ats is shown 
in Table 2 . These experiments were performed during the period 
extcndlllg from January to April, 1968. 
Collection of blood samples. As soon as the rats were killed 
blood samples were collected from the neck into clean glass tubes, 
covered with stoppers, and then centrifuged. The serum was transferred 
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to small vials fitted with tight covers and labeled. Aliquots of 
serum were taken for the determinations of total nitrogen , urea, 
c r eatinine, uric acid, serum protein, and amino nitrogen. The serum 
was stored in a refrigerator (0 to 5 C) when not being used. 
Collection of urine samples. Urine samples "ere collected 
from each rat in beakers containing 1 ml. of 10 per cent hydrochloric 
acid, while they were in individual metabolic cages for the 48-hour 
collection period. The volume of urine was measured, transferred to 
clean small bottles fitted with tight covers, and labeled. Samples 
were then stored in a refrigerator until used for determining total 
nitrogen, urea, creatinine , uric acid, and amino nitrogen. 
Days 
0 
2 
4 
6 
8 
lO 
casein. 
casein. 
Table 2. Experimental design of rat study 
a Number of rats fed LPD 
Killed Remainder 
4 
4 
4 
4 
4 
4 
20 
16 
12 
8 
4 
0 
Number of rats fed HPDb 
Killed Remainder 
0 
4 
4 
4 
4 
4 
20 
16 
12 
8 
4 
0 
8LPD refers to the low protein diet containing 10 per cent 
bHPD refers to the high protein diet containing 40 per cent 
Studle~ on humans 
A study similar to that carried out on rats was conducted on 
human subjects to observe the adaptive changes of the nitrogenous 
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components in blood and urine to dietary protein level. Six 
healthy college boys who were living together in the same unit of a 
cooking dormitory were chosen for this study. They were placed on 
a low protein diet (12 per cent protein calories) for two weeks to 
stabilize themselves to the low protein diet and then changed to 
the high protein diet (30 per cent protein calories) for four days 
to study the adaptive changes in protein metabolism. Each subject 
served as his own control at first and was assigned to the experimental 
menu (see Table 5). Blood samples on their normal diet were drawn 
between 11:00 and 11:30 a.m . at the local hospital four hours after 
breakfast for a control. A control urine sample on their normal diet 
was collected for the period of 24 hours from the preceding morning 
until t he time when blood was drawn. Thereafter, they were maintained 
on low protein diets containing about 12 per cent protein calories for 
two weeks. They were then changed to high protein diets containing 
approximately 30 per cent protein calories for four consecutive days. 
Normal activity was permitted. Sample menus showing the use of 
exchange lists which provide for variety in meal planning were given 
to them (see Table 5) . Both high and low protein diets contained 
approximately 2,600 calories . The subjects were asked to follow the 
amount of food outlined in the menus and fluids were allowed ad 
libitum. Ground venison was provided to the subjects during the period 
of high protein intuke. Subjects were l!Sked to keep a record of all 
the food taken daily on diet sheets provided so that the protein 
intake could be estimated. Two blood samples were obtained from the 
subjects during the time they were eating the low protein diet, on 
the 7th and 14th morning. Each subject collected a 24- hour urine 
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sample the day and night prior to when blood was taken. Blood and 
urine samples from the subjects when on the high protein diet were 
obtained in a similar manner for four consecutive days. The experi-
mental design for studies on humans is shown in Table 3. This study 
was conducted from April to May, 1968. 
Collection of blood samples. Human blood samples were obtained 
by venous puncture by a registered laboratory technician at the local 
hospital. Samples were handled in the same manner as described for 
the blood of rats. 
Collection of urine samples. Human subjects collected 24-hour 
urine specimens in glass bottles labeled with name and date. A mixture 
of 50 ml. of toluene and 25 ml. of 10 per cent hydrochloric acid was 
added to each bottle as a prcservaLive . Aliquots were taken and 
treated 1n the same manner as the rat urine samples . 
Table 3. Experimental design of human study 
Diet change Days on diets 
Normal diet 
Low protein (12 per cent 
protein calories) 
High protein (30 per cent 
protein calories) 
0 
1 to 14 
15 to 18 
aND refers to normal diet. 
Days blood and Blood and 
urine obtained urine samples 
0 
7 
14 
15 
16 
17 
18 
ND" 
LPDb 
LPD 
HPDC 
II PO 
HPD 
HPD 
bLPD refers to low protein diet containing 12 per cent protein 
calories . 
cHPD refers to high protein diet containing 30 per cent protein 
calories. 
Total nitrogen 
Determination of Nitrogenous Components 
in Blood and Urine 
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The total nitrogen was determined by the Kjeldahl method 
(Official Methods of Analysis of the Association of Agricultural 
Chemists, 1965) with a little modification. Of the serum samples, 
0.5 ml. was digested until clear with 3 ml. of concentrated sulfuric 
acid, about l gram of sodium sulfate to increase boiling temperature of 
the digestive mixture, and about 1 ml. of 10 per cent copper sulfate 
solution as a catalyst. After the completion of digestion, ammonia was 
distilled from an alkaline solution (about 15 ml. of 50 per cent sodium 
hydroxide) into 2 per cent boric acid solution containing one drop of 
bromcresol green indicator. The ammonia-boric acid solution was 
titrated to the bromcresol green end point with standardized acid of 
about 0.1 normality. For total nitrogen of urine a 0.5 ml. aliquot 
was treated as described for the 0.5 ml. of serum. 
Total serum protein 
A simple ultraviolet spectrophotometric method (l~addel, 1956) 
was used for the determination of serum protein. Ten ),. of serum were 
diluted with 10 ml. of saline solution (0.9 per cent sodium chloride). 
A Beckman Model DU spectrophotometer with a mercury lamp was used for 
the absorpt ion measurements. The absorbance was measured at 215m~ 
and a t 225m).l, the saline diluent solution being used as the blank. 
The absorbance at 225mu was subtracted from that at 215m).l. This 
difference multiplied by 144 gave the protein concentration in the 
diluted solution expressed in ailligrams per milliliter. 
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~rea was estimated by the colorimetric method based on the 
Somogyi-Nelson Procedure (Sigma Technical Bulletin, 1965). One 
hundred A of serum was incubated with the enzyne, urease, which con-
verts the urea to ammonia. The color produced by direct nesslerization 
.. as measured at 415m).t. The following are the reactions involved: 
1) + 
2) + 
Urease ) CO 
2 + 
Hgi2 ~ Yellow color (High OD ) (Nessler reagent) 415. 
2 1\H 3 
Tan X of diluted urine (1: 9 dilution) "ere treated as were the 100 A of 
serum sample. 
Creatinine 
Serum creatinine, in a protein-free filtrate, was determined 
by its reaction with alkaline picrate (American Association of 
Clinical ChemiSts, 1953) to form a yellow-red color of creatinine 
picrate (Jaffe reaction). The amount formed is proportional to the 
concentration of creatinine present and was measured spectrophoto-
metrically at SOOmu. Diluted urine (1:50 dilution) was treated with 
alkaline picrate and followed the method described for serum. 
Uric acid 
The uric acid in serum and urine was determined by an ultra-
violet procedure at 292mu (Sigma Tentative Technical Bulletin, 1965). 
Two-tenths ml. serum or diluted urine (1:9 dilution) were reacted with 
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a highly specific purified uricase (Sigma Chemical Company) and 
optical density was measured at 292m~ with Beckman Model OU 
Spectrophotometer . The decrease in optical density at 292m~ became a 
measure of the amount of uric acid originally present. The reactions 
involved are as follows: 
Uric acid 
(High 00292) 
Amino nitrogen 
+ + Uricase ) Allantoin (Low oo292) 
+ 
Serum amino nitrogen, in a protein-free filtrate, was determined 
by its reaction with ninhydrin (Clark, 1964). Ten A of protein-free 
human serum was mixed ~<ith 1.5 ml. o£ ninhydrin solution and placed 
in a boiling tJater bath for 20 minutes. After the heating period the 
tube was cooled in a water bath and then 8 ml. of 50 per cent aqueous 
n-propanol was added to each tube. The mixed tubes were allowed to 
stand for 10 minutes to develop full color, then the optical density 
was read at 570m~ against the reagent blank. Ten A of human (200 A of 
rats) urine was mixed with ninhydrin solution and followed the method 
described for serum. Amino nitrogen standard curves were prepared. 
Statistical Analysis 
To make a statistical analysis of the data obtained in this 
experiment, analysis of variance was applied. The difference of the 
mean values due to the diets, days, and interaction between diet and 
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day were compared by means of F test. The difference due to the diets 
is explalned as the difference of two mean values of the nitrogenous 
components in blood and urine and body weight of the rats fed the 40 per 
cent and 10 per cent casein diets. The difference due to the days 
refers to the difference of the factors mentioned on the days 2, 4, 
6, 8, and 10. The difference due co the interaction between diet and 
day refers to the individual differences among the mean values of the 
same factors on the same diet. 
The differences of the mean values caused by two diets on 
the same day were compared by employing the least significant difference 
test at the level of 5 per cent significance . 
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RESULTS AND DISCUSSION 
Physiological Response to Dietary Protein 
Body weight 
The changes in body weight of gr~ing rats fed a 40 per cent 
casein diet and a 10 per cent casein diet during the 10 days of 
experimental period ore shown in Figure 2. The weight gain of the 
rats fed the 40 per cent casei n diet was 44.5 grams after 10 days 
while that of the rats fed the 10 per cent casein diet was only 24 
grams during the same period. The mean value of weight gain of the 
rats on t he high protein diet was significantly higher than that of 
those on the low protein diet (F < . 01), starting from the second day 
after the rats were fed under different diets (see Table 7). There 
was not much difference in the diet consumption between the rats fed 
40 per cent casein diet and those of 10 per cent casein diet. This 
finding is in line with that of Elias (1962) that a greater gain in 
weight was observed amotlg the growing rats by increasing the protein 
intake beyond 15 per cent level. 
Amount of urine 
The amount of urine excreted by each rat during a 24-hour 
period on the 40 per cent casein diet was significantly greater than 
that excreted by a rat on the 10 per ceoL casein diet (see Table 9) . 
The 24- hour urine collections of human subjects when on the 30 per 
cent protein calories were larger than when on the 12 per cent protein 
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Figure 2. Changes in body weight of growing rats fed a 
40 per cenl casein diet ( . . ) or a 10 per 
cent casein diet (-*-*-) 
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calorie diet (see l"able 10). Since urea has some diuretic action, 
consequently on a high protein diet the volume of urine eliminated 
tends to be increased. 
Biochemical Response to Dietary Protein 
Total nitrogen 
Rat serum. The results of dietary protein on total nitrogen 
in serum of rats when the rats ~<ere fed tho 40 per cent and 10 per 
cent casein diets are shown in Figure 3. It is apparent that there 
is a marked difference in serum total nitrogen between the two groups 
of rats fed the two different diets. Total nitrogen in serum of rats 
on 40 per cent casein diets was increased significantly (P < .01) over 
those fed 10 per cent casein. The total nitrogen in serum was more 
than doubled on the second day after the 40 per cent casein diet was 
fed. Thereafter, no increase in total nitrogen was found and actually 
the graph rather tended to show a stable value which was very close 
to that of the low protein diet at the end of the experimental period. 
'l'his suggests the adaptation of the body to an altered level of protein 
d1ec. Enzyme analysis (see Appendix C) of 0-amino acid oxidase and 
arginase in the rat liver and kidney show an increase in enzyme 
activity which would indicate increased amino acid catabolism on the 
higher protein diets. 
Rat urine. It is evident from Figure 3 that the excrBtion of 
nitrogen was low among all the rats on the 10 per cen t casein diet 
and was high aOJOng all the rats on the 40 per cent casein diet. 
l!ccause each cell has 11n upper linit to the amount of protein that it 
can store after all the cells have reached their limit, the excess 
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TOTAL NITROGEN Ill SERUM AND URINE OF RATS 
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amino acids in the circulation are then degraded into other products 
and used for energy or excreted via the kidneys. Consequently, total 
urinary nitrogen increased consistently among the rats on the high 
casein diet while among the rats on the low casein diet total urinary 
nitrogen remained relatively constant. This relatively constant value 
may represent a fixed level of "endogenous" nitrogen loss. The 
difference in total nitrogen in urine of two groups of rats were 
found to be highly significant (P < .01), starting from the second day 
after the rats were put on different diets. These observations are 
similar to those made by Waterlow (1963) among malnourished infants 
fed milk ad libitum. This increased nitrogen excretion was preceded 
by increased activities of D-amino acid oxidase and arginase in the 
liver and kidneys of rats shifted from low to high protein diets 
shown ln the enzyme study of Kim (1968). 
Human serum. Figure 4 shows the total nitrogen in human 
serum as affected by increased protein intake. The serum total 
nitrogen decreased gradually while the subjects were eating the low 
protein diet and increased abruptly the day after the diet was 
changed to a high protein diet and then again decreased gradually. 
Observing the dietary records of the subjects, it was found that the 
one subject did not take any solid food on the 16th day which was the 
second day after the switch to the high protein diet because be had 
the flu. The next day another subject also did not eat. Moreover, there 
is a time lag for the body to obtain nitrogen equilibrium when the low 
protein diet is changed to the high protein diet. These facts explained 
the slight variations in total serum nitrogen value after tbe diet was 
changed to the high protein calories. 
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Human urine. Figure 4 shows the changes in total urinary nitro-
gen of human subjects when the protein level was increased to provide 30 
instead of only 12 per cent of the calories in the diet. A low protein 
calorie diet following a normal protein intake caused urinary nitrogen 
to decrease rapidly at first and then slowly thereafter. 1-.'hen 12 per 
cent protein calories in the diet was replaced by 30 per cent protein 
calories, maintaining the diets isocaloric, the total nitrogen excretion 
in urine increased greatly and tended to show a rather stable value. 
The rapid decrease in urinary nitrogen excretion following a low 
protein diet among well nourished subjects within a few days represents 
loss of labile protein stores and the slow phase may represent loss 
of more stable body proteins until it reaches a steady state according 
to Munro (1964), and Allison and l~anncmacher (1965). In the enzyme 
study of. humans, circulating 0-amino acid oxidase did not show much 
change due to the dietary protein (see Appendix C). 
Total serum protein 
Total serum protein of rats. Serum protein from the rats fed 
the 40 per cent casein diet was significantly higher (P < .01) than 
that from the 10 per cent casein group due to the time of treatment 
(see Figure 5). This fact supports the findings of Allison (1959) that 
rats fed high protein diets had increased serum protein, particularly 
the se-rum albumin fraction. The high casein diets furnished more a1nino 
acids into the circulation which were incorporated into plasma protein. 
The reduced serum protein on days 8 and 10 may indicate that initially 
the amino acids from the high protein diet were incorporated into a labile 
protein store (serum albumin primarily) and later this temporary store 
was shifted to a more stable protein store. 
Total serum protein of humans. Figure 6 shows the effect of 
dietary protein level on the serum protein in humans. The t otal protein 
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content of the human plasma is normally in th~ range of 5. 7 to 8.0 
gram per cent (White, Handler, and Smith, 1964) . The results obtained 
in this study show a gradual decrease in total serum protein on low 
protein intake and a further decline for the period of two days after 
the diet "as changed to the high protein diet, after "hich it 
ittcreascd. This may indicate that there is a time lag for the subjecLs 
to attain nitrogen equilibrium after th~ low protein diet was changed for 
the high protein diet. 
Rat serum. The effect of increasing protein intak~ on serum 
urea in rats is demonstrated in Figure 7. The mean increase in serum 
urea of rats fed the 40 per cent casein diet was significant (P < .01). 
A highly significant difference due to the time of treatment and an 
interaction between diet and days was also observed (P < .01), starting 
from the second day after the rats were puc on different diets. Such 
observations are in agreement with those of Addis and Watanabe (1917) 
that a high protein diet, with normal or subnormal urea elimination, 
will result in higher blood urea followed by a fall to a lower level 
after resumption of a normal diet in the blood of young healthy adults. 
This increased serum urea is due to the increased activities of D-amino 
acid oxidase and arginase in the rat live.:. 
Rat urine. There is a definite positive relationship between 
dietary protein level and urinary urea excretion in rats as can be 
seen from Figur~ 7. The excretion of urea was elevated as the level 
of dietary protein increased owing to the increased induction of 
D-amino acid oxidase and arginase in liver and kidney of rats to 
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eliminate excess amino acids as ammonia and urea (see Appendix C). 
Statistical tests indicated that there was a significant difference 
(P < .01} in urinary urea excretion due to the dietary protein level, 
the time of treatment, and interaction between diet and day, starting 
from the second day after the rats were put on different diets. These 
findings again are in line with the findings of other researchers 
(Muramatsu, 1955; Kiriyama and Asbida, 1964) that urea excretion 
increased with increasing dietary protein. 
Human serum. In this study, serum urea of the human subjects 
was higher than normal values because non-deproteinized serum was 
used in the determination of serum urea. However, it is evident from 
Figure 8 that the mean values of urea in human serum were decreased 
considerably on the seventh day of low protein diet and increased 
gradually when the dietary protein level was switched to the higher 
protein level. Therefore, it is concluded that increased dietary 
protein intake results in an increase of serum urea. 
Human urine. As can be seen from Figure 8, the level of 
dietary protein affected the excretion of urea in the urine of human 
subjects. The pr~~ence of ammonia caused all these values to be a 
little higher than normal because the ammonia was not substracted from 
the urea. However, it does show that the excretion of urea was 
decreased on the diets of low protein and increased gradually when 
the diet was switched to high protein. 
Creatinine 
Rat serum. The normal level of serum creatinine is quite 
constant for a given individual and is not effected by diet (Kleiner 
45 
UREA IN SER~ AND URINE OF HUMANS 
"' 
SERUM 
32 \ \ 
' \ 
28 ' \ 
\ ,... 
\ 0:, \ e 24 - \ ~ 
' 
a 
\ 
\ / 
" 20 ' 
/ 
,J: \ / 
' 
/ 
.... \ / 0 / 
\ "' ~ 16 / \ ; \-"' "' ., ., 
" ... 
.. 
.. 
... 
:..> 
28 
,... 24 
' . ' URINE ., 
' 
... 
.<: 
' 
-4 20 
"' ' -.. 
' B 
' .. ~ 
' 16 ' ~ ' \ 
' ... 12 \ 
.... 
' 0 
' 
---,.. 
)t- - -- .. -Q) 
c 8 .... 
... 
" c 
.... 
.. 
4 PO ~llPD~ 
.. NO 
.. (Diet change) :::> 
0 7 14 15 1 
Days of s t udy 
Figure 8. ·rne effect of dietary protein on ur ea in serum a nd 
urine of humans by changing the die tary protein 
level from 12 per cent (-*-*-) to 30 per cent 
(. . ) protein calories 
and Orten, 1966). This is born out by data obtained in this 
experiment (Figure 9). 
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Rat urine. The urinary excretion of creatinine of rats fed 
40 per cent and 10 per cent casein diets is shown in Figure 9. The 
increased excretion of creatinine on the low casein diet may be 
caused by the sacrificed skeletal muscle during the period of protein 
deprivation to prevent the loss of protein from more vital tissues which 
represents an "endogenous" creatinine. A reduced renal reabsorption 
capacity when the subject is in a state of protein deprivation may 
explain in part the increased creatinine excretion in rats on the low 
protein diet (Arroyave et al., 1961). 
Human serum. The normal range of creatinine in human serum 
is 1.0 to 1.8 milligram per cent (Kleiner and Orten, 1966). The 
dietary level of protein did not affect the circulating creatinine in 
human serum in this study (see Figure 10). The mean value of serum 
creatinine was quite constant, approximately 1.0 milligram per cent on 
both levels of protein calorie diets except an elevated value on the 
geventb day on the low protein diet. The explanation for this high 
value when the rest of the values were quite constant is now known. 
llwnan urine. The normal value of urinary creatinine of human 
urine is 1.5 gram per 24-hour period (Kleiner and Orten, 1966). During 
the present experiment, urinary creatinine decreased gradually reaching 
a minimum value of 1.01 gram per 24 hours on the fourteenth day of the 
12 per cent protein calorie diet; and it was increased immediately after 
the diet was changed to the 30 per cent protein calorie diet (Figure 10). 
TI1is increased excretion of creatinine in human urine is probably due 
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to the high meat intake while the subjects were eating the 30 per cent 
protein calorie diet. This is different from the results observed in 
rats because the rats had a casein diet that does not contain creatine. 
Uric acid 
Rat serum. Serum uric acid values from rats fed a 10 per cent 
casein diet were significantly higher (P < .01) t han those of rats fed 
a 40 per cent casein diet as can be seen from Figure 11. It is not 
surprising to find an increased uric acid level in the serum of rats 
fed the low protein diet where excessive cell breakdown and catabolism 
of nucleic acid occurs. Morgan, Murai, and Gillum (1955) found that 
an increase in protein intake at least temporarily increases uric acid 
output with a corresponding decrease in circulating level. This 
negative correlation bet»een uric acid in serum and uric acid in urine 
was observed in this experiment. 
Rat urine. No effect on urinary excretion of uric acid due to 
the dietary casein level was evident from the statistical analysis, 
because the casein diet contains no nuclein acid. Tbe rats fed the 
high protein diet were the larger of the cwo groups which would indicate 
they should have a greater endogenous nucleic acid catabolism. This may 
account in part for the fact that uric acid excretion was greater in 
the rat!' fed the 40 per cent protein diet. 
Human serum. The normal values of serum uric acid of male 
subjects is 2.6 to 7.5 milligram per cent (Sigma Tentative Technical 
Bulletin, 1965). As can be seen from Figure 12, the serum uric acid 
values obtained in the present experiment were within the usual range 
for normal sera showing a maximum value of 8.37 milligram per cent on 
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the 17th day. During the two weeks of the low protein diet period, no 
dec rease in serum uric acid was found, because the body protein was 
being catabolized when the subjects were eating the l ow protein diet. 
After they switched to the 30 per cent protein calorie diet, however , 
the amount of circulating uric acid in serum ~>as nearly doubled owing 
to t he high meat intake. 
Human urine. The normal range of ur inary uric acid of adults 
is 250 to 750 milli grams per 24 hours (Sigma Tentative Technical 
Bulleti n, 1965) . Increased urinary output of uric acid on the seventh 
day of the low protein diet was due to the elevat ed uric acid in 
serum. As can be seen from Figure 12, however, the excretion of uric 
acid of human subjects was increased under the high meat intake. These 
values in the human may reflect ammonia or high meat intake or both. 
"!'hcse findings support the findings of Vasantgadkar and 'rupules (1963) 
that there is a significant parallelism between the dietary purine 
and uric acid excretion, although the excretion of uric acid accounted 
for only a small portion of ingested purines. 
Amino nitrogen 
Rat urine. There was a significant difference (P < . 01) in 
amino nitrogen excretion between the rats fed a 40 per cent casein 
dlet and those fed a 10 per cent casein diet as shown in Figure 13. 
The difference was observed from the second day of the experiment. 
This finding s upports the results of the study of Sauberlich and 
Baumann (1946) who found that rats fed diets of 50 per cent casein 
excreted larger anounts of each amino acid than ra ts fed a 10 per cent 
casein diet. When t he rats were consuming the high casein diet amino 
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nitrogen flooded the system and therefore spilled out into the urine. 
Human serum. In agreement with Steele, Reynolds , and Baumann 
(1950) and Tuttle et al. (1962), but in disagreement with the report 
of van Slyke and Meyer (1912), and Denton, Gershaff, and Elvehjem 
(1953), the present experiment did not sho1- any apparent effect of 
dietary protein on the amino nitrogen level of human serum as can be 
seen in Figure 14. 
Human urine. A decrease in excretion of amino nitrogen under 
the low protein calorie regi.men and an increase in excretion when the 
diets of high protein calories were eaten was observed in this study 
(Figure 14) . The excess protein caused large amounts of amino 
nitrogen to flood the system and be eliminated as amino nitrogen in the 
urine. Th.,se results confirmed the results obtained by the experiment 
with rats. The same observations were reported by Stein, Bearn, and 
Moore (1954) in normal individuals. Contrary to observations of 
Steele, Reynolds, and Baumann (1956) that there is no correlation between 
serum free amino acids and urinary free amino acids, a high negative 
correlation between amino nitrogen in serum and urine was observed in 
this study. Excretion of amino nitrogen in urine was decreased with a 
corresponding increase in serum amino nitrogen when there was a low 
protein 1ntake and the amino nitrogen increased in urine with 
corresponding decrease in serum when protein intake was increased. 
This is partly due to the efficient reabsorption of amino acids through 
the renal tubules . 
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S~~y AND CONCLUSIO~S 
Summary 
A study of the adaptive changes of some nitrogenous components 
to dietary protein was carried out on rats and humans. Forty-four male 
rats were used in the first part of the experiment . Forty per cent and 
10 per cent casein diets were used as the high and low protein diet• • 
respectively. Six healthy college boys served as subjects in the study 
following th~ rat experiment. These subjects were adapted to a low 
protein diet containiog 12 per cent protein calories for two weeks and 
then were switched to a high protein die t containing 30 per cent pro-
tein caJ.ories for four days. Changes in the level of nitrogenous 
components were determined from the aliquo ts of serum and urine of rats 
and humans . 
Fiodings obtained in these studies included the following: 
1. The weight gain of the rats fed the 40 per cent casein 
diet was higher than the gain of the rats fed the 10 per cent casein 
diet. 
2. The urine excretion of rats eating the 40 per cent casein 
diet was higher t han that of the rots fed the 10 per cent casein diet . 
This phenomenon was also observed in humans. 
3 . Total nitrogen was significantly higher in the serum of 
rats which were fed the 40 per cent casein diet. The increase was 
rapid at first and tended to reach the same plateau on both protein 
levels. Total nitrogen in serum of human subjects, however, did not 
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show an appreciable increase when the low protein diet changed to the 
high protein diet. This was supported by the fact that the D-amino 
acid oxidase activity in human serum did not show much change due to 
the dietary protein level within the experimental period (Kim, 1968). 
The loss or gain of nitrogen «hich occurs «hen the protein intake is 
altered reflects a lag in metabolic adjustment. 
Urinary excretion of total nitrogen in both rats and humans 
on the high protein diet was found to be significantly higher than 
when the low protein diet was eaten. The increase was rapid at first 
and rather slow thereafter. This can be explained by the initial 
greater induction of D-amino acid oxidase in kidney and arginase in 
liver and kidney of rats after a high protein intake . ~~en calculated 
out the total activity of these en~ymes, which woul d contribute to 
nitrogen excretion, was increased five to six times. Kitrogen 
excretion was also increased five to six times when the diet was 
changed from low protein to a high protein intake. 
4. Total protein in serum showed an apparent increase smona 
the rats fed on the 40 per cent casein diet which represented an 
incr~ased incorporation of amino acids into the plasma protein after 
the high protein intake. Total protein of human serum was gradually 
decceased while they were eating a low protein diet , and when the diet 
was changed to the high protein there was a time lag in metabolic 
adjustment which reflected on total protein levels. This explnined 
why the total protein level dropped for two days after the diet was 
changed to the high protein and thereafter increased gradually which 
means the subjects attained nitrogen equilibrium. 
5. The serum urea increased in direct proportion to the level 
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of dietary protein in both rats and humans owing to the greater 
induction of D-amino acid oxidase and arginase in rats' liver after 
the high protein diet was introduced. 
Urinary urea a lso increased as the dietary protein increased 
in the diets of both rats and humans to eliminate amino acids as urea. 
This was preceded by an increase in D-amino acid oxidase and ammonia 
in liver, and consequently increasing arginase activity following up 
the increased formation of urea in liver which would increase the 
ammonia and urea losses via the kidney as shown in the enzyme study 
of rats. 
6. No relation between serum creatinine and dietary protein 
level was established in either rats and humans. 
The excretion of creatinine in urine of rats fed 40 per cent 
casein diet was l ower than that of rats on 10 per cent casein diet 
from the fourth day of the experiment, because the rats fed on 10 per 
cent casein diet sacrificed a considerable skeletal muscle to prevent 
the loss of more vital tissues. On the other band, the increased 
c reatinine excretion of humans was due to the high meat intake which 
contained a considerable amount of creatine. 
7. The high casein diet had little effect upon the serum 
uric acid in rats, while serum uric acid of human subjects was 
increased when they were on the high proLein diet mainly due to the 
high meat intake. 
A parallelism between the dietary protein intake and uric acid 
excretion was noted in humans mainly because of the high meat intake , 
while no significant effect on uric acid excretion due to the casein 
diet was observed in rats. 
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8. No definite effect of dietary protein on the concentration 
of amino nitrogen in the serum of human subjects was found. This was 
due to the arginase protection in liver. This was supported by the 
urea increase and the arginase levels . 
The excretion of amino nitrogen in urine was s ignificantly 
increased in both rats and humans when the dietary protein level was 
increased, because the amino nitrogen flooded the system and therefore 
spilled over into the urine after the high protein intake. There was 
also a high negative correlation between serum amino nitrogen and 
urinary amino nitrogen in the human study because of the efficient 
reabsorption of amino acids through the renal tubules. 
The following statements may be made concerning the adaptive 
changes in the nitrogenous components of blood and urine to dietary 
protein change. 
l. Nhen dietary protein is increased two- to four-fold urinary 
nitrogen will increase correspondingly. 
2. The greatest percentage of the change in the total nitrogen 
in the blood and urine is accounted for by urea. 
3. Source of dietary protein greatly affects both serum and 
urinary uric acid. 
4. Creatinine in serum is not affected by dietary protein 
level. 
5. Serum amino nitrogen rises initially until protein synthesis 
takes over and then drops as serum protein increases. 
6. The body adapts within a relatively short time to a rapid 
shift in protein intake. 
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Conclusions and Comments 
Adaptation of rats and human subjects to dietary protein intake 
was studied. Under the conditions of these experiments, a significant 
increase in the excretion of total nitrogen occurred as the protein 
level increased to eliminate flooded protein metabolites. The rate of 
increase in the total nitrogen in rat serum and in the urinary total 
nitrogen of humans was rapid at first and then tended to reach a 
plateau. This was explained by the initial incr eases of D- amino acid 
oxidase and arginase activities in liver and kidney and no more 
increase of enzyme activities thereafter , as shown in the paral lel 
study. The greatest portion of the t otal nit rogen i n urine was 
accounted for by urea. Serum and urinary uric a cid were a ffected 
by the source of dietary protein, while serum c reatini ne was quite 
constant irrespective of source or level of die ta ry prot e in. Serum 
amino nitrogen rose initially until protein synthes is t ook over and 
then dropped as serum protein increased . A significant incr ease in 
the urinary excretion of amino nitrogen was observed as the dietary 
protein level increased. 
From this experiment, it is concluded that the dally excretion 
of total urinary nitrogen is a good measure of the nutritional status 
since a low excretion of urinary nitrogen in the urine is preceded by 
a low intake of protein in the diet for adults consuming a mixed diet 
and maintaining a nitrogen equilibrium. 
A protein-rich diet is known to increase the activity of a 
number of enzymes concerned with the elimination of nitrogenous 
components through the kidneys. In the study of humans , because the 
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loss of nitrogen due to the reduced protein intake reflects a lag in 
metabolic adjustment, hod a longer duration of the high protein diet. 
been maintained, there may have been found a clearer picture of the 
adaptation process. However, it was observed that the body adapted 
within a relatively short time to a rapid shift in protein intake. 
In future studies, it is recommended to use more human subjects 
and a longer period of the high protein diet. 
The general conclusion from the present study can be stated 
that human subjects and rats can adjust to an altered level of dietary 
protein intake by adaptation of enzymes which correspondingly increase 
or decrease the specific substrates or metabolites and consequently 
maintain a normal metabolic state. 
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Ap pendix A 
Diet Composition and Sampl e Henus 
Table 4 . Composition of rat die t s A and B 
Constituents Diet A (%) Diet B (%) 
Casein 10 .0 40 . 0 
a - Cellulose 5 . 0 5 . 0 
Gl ucose 70 . 0 40 . 0 
Corn Oil 6 . 0 6 . 0 
Vitamin mi xture a 3 .0 3 . 0 
Mine ral b mixture 6.0 6.0 
8 Vitamin lliet Fortification Hixture, Nutritiona l Biochemicals 
Company , Cl e vcla,, d , Ohio. 
bMineral mixture was composed of 4 per cen t salt mixt ure, 
U. S . P . XIV, Nutritional Biochemlcal s Company, Cleveland, Ohio, and 
2 per cen t of the following mixture: 
ZnS04 .H20 4 g ra ms 
CuS04 l gram 
~!nS04 .H20 1 gram 
CaHP04 21120 
540 grams 
Glucose 454 grams 
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Table 5. Sampla menus for the human subjec ts8 
Diet containing 12 per cent 
protein calories 
Carbohydrate 260 Cm. 
Protein 40 em. Calories 
Fat 1:>5 Cm. 
Breakfast 
2 fruit exchanges (List 
3 bread exchanges (List 
1 milk exchange (List 7) 
8 fat exchanges (LhL 6) 
2600 
3) 
4) 
Coffe~ or tea (any amount) 
Lunch 
1 meat exchange (List 5) 
3 bread exchanges (List 4) 
Vegetables as desired (List 1) 
1 fruit exchange (List 3) 
8 fat exchanges (List 6) 
Coffee or tea (any amount) 
Dinner 
1 meat exchange (List 5) 
2 bread exchanges (List 4) 
Vegetables as desired (List 1) 
1 vegetable exchange (List 2) 
2 fruit exchanges (List 3) 
1 milk exchange (List 7) 
3 fat exchanges (List 6) 
Coffee or tea (any amount) 
Diet containing 30 per cent 
protein calories 
Carbohydrate 260 em. 
Protein 120 em . Calor ies 2600 
Fat 120 Gill. 
Breakfast 
2 fruit exchanges (List 3) 
3~ bread exchanges (List 4) 
3 meat exchanges (List 5) 
1 milk exchange (List 7) 
2 fat exchanges (List 6) 
Coffee or tea (any amount) 
Lunch 
3 meat exchanges (List 5) 
4 bread exchanges (List 4) 
Vegetables as desired (List 1) 
2 fruit exchanges (List 3) 
1 milk exchange (List 7) 
3 fat exchanges (List 6) 
Coffee or tea (any amount) 
Dinner 
4 meat exchanges (List 5) 
3 b read exchanges (List 4) 
Vegetables as desired (List 1) 
1 vegetable exchange (List 2) 
2 fruit exchanges (List 3) 
9 fat exchanges (List 6) 
Coffee or tea (any amount) 
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Tabl e 5. Continued 
List 1-- Need not be measured 
Seasonings: 
Other foods: coffee or tea 
Vegetables--Group A. Insignificant carbohydr a t e or ca lori es . You 
may eat as much as desired of raw vegetable. If cooked vegetable 
is eaten, limit amount to 1 cup. 
Asparagus Lettuce 
Broccoli Tomatoes 
Cabbage Celery 
List 2- -Vegetable Exchanges 
Carbohydrnte , 7 Gm. ; Protein, 2 Gm. ; Calories, 36 
Veget ables--Group B. 
Beet~ 
One servi ng equals ~ cup, or 100 Gm. 
Carrots 
Onions 
Peas , green 
Lis t 3--Fruit Exchanges 
Pumpkin 
Rutabagas 
Squash, ~<inter 
Turnips 
(Fresh or canned without sugar 
Carbohydrate, 10 em.; Calories , 40) 
Apple 1 small (2" diam. ) 
Applesauce ~ cup 
Apricots, fresh 2 me d. 
Banana ~ small 
Cantaloupe \ (6" diam. ) 
Grapefruit ~ scnall 
Grapes 12 
Orange 1 small 
Orange juice ~ cup 
Peach 1 med. 
Pear 1 small 
Pi neapple ~ cup 
Pineapple j uice 1/3 cup 
80 Gm. 
100 Gm. 
100 Gm. 
50 Gm. 
200 Gm. 
125 Gm . 
775 Gm. 
100 Gm . 
100 Gm. 
100 Gm. 
100 Gm. 
80 Gm. 
80 em. 
Table 5. Continued 
List 4--Bread Exchanges 
Carbohydrate, 15 Gm.; Protein, 2 Gm.; Calories 68 
Bread 
Cereal, cooked 
Cereal, dry (flakes or puffed) 
Rice or grits, cooked 
Spaghetti, noodles, etc. 
Vegetables 
Peas (split peas, etc.) 
dry, cooked 
Corn 
Potatoas, white, baked or boiled 
Potatoes, white, mashed 
Potatoes, sweet, or yams 
Sponge cake, plain 
Ice cream (omit 2 fat exchanges) 
List 5--Meut l!xchanges 
l slice 
Is cup 
3/4 cup 
Is cup 
Is cup 
Is cup 
1/3 cup 
1 (2" diam.) 
!,; cup 
lls" cube 
~ cup 
73 
25 Gm. 
100 Gm. 
20 Gm. 
100 Gm. 
100 Cm. 
90 Gm. 
80 em. 
100 Cm. 
50 Cm. 
25 Cm. 
70 Gro. 
Protein , 7 Gro.; Fat, 5 Cm.; Calories, 73 (30 Gro. equal 1 oz.) 
Meat and poultry (beef, lamb, pork, liver, chicken, etc.) 
pork, med. fat 1 slice (3"x2"xl/8") 
Cold cuts 1 slice (4~" sq. 1/8" 
thick) 
Salmon, tuna, crab l,; cup 
Chel!se, cheddar, American 1 slice (~"xlls"xli") 
Egg 1 
Peanut butter 2 Tbsp. 
Limit peanut butter to one exchange per day unless 
carbohydrate is allowed for in diet plan. 
30 Gm. 
45 Cm. 
30 Gm. 
30 Gm. 
50 Qn. 
30 Qn. 
Table 5. Continued. 
List 6--Fat Exchanges 
Fat, 5 Gm.; Calories, 45 
Butter or margarine 
Bacon, crisp 
French dressing 
Mayonnaise 
Oil or cooking fat 
List 7--Milk Exchanges 
1 tsp. 
1 slice 
1 tbsp. 
1 tsp. 
1 tsp. 
74 
5 em. 
10 Gm. 
15 Gm. 
5 Gm. 
5 Gm. 
(Carbohydrate, 12 Gm.; Protein, 8 Gm.; Fat 10 Gm.; Calories, 170) 
Milk, whole 1 cup 
~Ulk, evaporated ~ cup 
~!ilk. powdered l,; cup 
ijuttermilk 1 cup 
Add 2 fat exchanges if milk is fat-free. 
General Rules 
Eat only those foods which are on diet list. 
J::at only the amounts of foods on diet. 
Do not skip meals. 
Do not eal between meals. 
240 Gm. 
120 Gm. 
35 Gm. 
240 Gm. 
~dified sample menus from menus for diabetics published by 
Eli Lilly and Company, Indianapolis, Indiana, u.s.A. showing ways to 
add variety to the meal plana. Both daily menus contain approximately 
2, 600 calories. 
Appendix B 
Tables 
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Table 6. Mean values for all biochemical data obtained from rats 
-
Days of (% casein) No. of Body weight Total nitrogen Urea diet study rats gm. SerUlll mg% Urine Serum mg% 
m /24 hrs 
0 10 4 252 . 75 561.65 87.87 12.35 
2 40 4 259 . 50 ,.1206.40 ,.456.37 ,.28. 75 
10 4 249 . 50 1014.32 56.93 18.00 
4 40 4 ,.289.50 ,.1049 . 47 ,.549 . 25 31.00 
10 4 268. 25 889 .57 115.67 18.50 
6 40 4 288 . 00 ,.1127.32 .677.47 *35.30 
10 4 281.50 1015.77 148.68 17.52 
8 40 4 ,.289.25 1110.02 ,.670.00 ,.45 .00 
10 4 269.75 1103.97 153.52 18.07 
10 40 4 ,.297 . 25 1149.80 ,.728 . 47 ,.52.25 
10 4 276 . 75 1112.62 148.27 20 .00 
LSD 
0.05 19 .11 85 . 55 253.09 6.6! 
* Significant at the level of 5 per cent for comparing diets for a given day. 
Urine 
m /24 hrs 
76.77 
343.92 
64.00 
381.95 
65.87 
,.462 . 82 
114 . 00 
,.841 . 38 
326 . 00 
,.1148.00 
.379 . 75 
337.50 
..... 
"' 
Table 6 . Continued 
=-
-·- -
-----
Days of (% casein) No. of Body weight Creatinine Uric acid 
s t udy rat s gm. Serll!ll mg% Urine Serum mg% Urine 
ttg/24hrs . mg/24hrs . 
0 10 4 0 . 487 1.202 0 . 940 1. 392 
2 40 4 0 . t.9: 4 .08 0 . 20 o. 705 
10 4 0 . 77 3 .12 1.83 0 . 23 
4 40 4 1.05 3 . 25 0 . 74 1.16 
10 4 0.93 4.91 2 . 07 1.03 
6 40 4 0.607 4.04 1. 96 l. 86 
10 4 0.670 5.02 3 .11 1. 82 
8 40 4 0 . 74 2.90 1. 21 3.12 
10 4 0.66 4. 72 1.49 2.36 
10 40 4 0.577 9.40 1.52 0.687 
10 4 0.72 9.95 1. 90 1.69 
LSoo.o5 0.368 2.42 0.888 1.457 
*Significant at the level of 5 per cent for comparing diets for a given day. 
..... 
..... 
Table 6. Continued 
Days of (X casein) No. of Total serum protein Urinary Amino nitrogen 
study rats gm% mg/24hra. 
0 10 4 6.23 0.912 
2 40 4 8.67 ,.2.188 
10 4 8.22 0.190 
4 40 4 6.52 ,.2.87 
10 4 6.06 l.ll 
6 40 4 8.30 2.16 
10 4 7.24 0.99 
8 40 4 (> . 475 ,.2.89 
10 4 6 . 68 1.03 
10 40 4 6.56 ,.2.40 
10 4 6.48 1.00 
LSD0 . 05 1. 25 1. 355 
*Significant at the level of 5 per cent for compari ng di ets for a given day. 
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Table 7. Analysis of variance for all biochemical data 
obtained from rats 
Source of variance 
Treatment 
Control vs rest 
Among rest 
Diet 
Day 
Diet day 
Error 
Treatment 
Control vs rest 
Among rest 
Diet 
Day 
Diet day 
Error 
Treatment 
Control vs rest 
Among rest 
Diet 
Day 
Diet day 
~rror 
Treatment 
Control vs rest 
Among rest 
Diet 
Day 
Diet day 
Error 
df Mean squares F 
Body weight 
10 1032 . 1 5.89 ** 
1 2124 . 0 
1 2418.0 13 0 72 ** 
4 1352.1 7 . 67 ** 
4 92 . 7 0.53 
33 176 .2 
Serum total nitrogen 
10 125406.4 35.48 ** 
1 969192 . 0 
1 102718.2 29.06 ** 
4 33056 . 6 9.35 ** 
4 12481.8 3.53 * 
33 3535.0 
Urinary total nitrogen 
lO 293183. 7 14.639** 
1 290380.07 
1 2417802.0 120.72 ** 
4 45055.72 2.25 
4 10858.01 0.54 
33 20027.54 
Serum urea 
10 654.3 30.97 ** 
1 941.5 
1 4016.0 19.01 ** 
4 224.1 10.61 ** 
4 172 .4 8.16 ** 
33 21.1 
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Table 7. Continued 
Source of variance df Mean squares F 
Urinary urea 
Treatment 10 720307.2 13.10 ** 
Control VS rest 1 497807.7 
Among rest 
Diet 1 2638774.5 47.98 .... 
Day 4 779431. 5 14.17 
"" Diet day 4 237191.3 
Error 33 54996.5 
Serum creatinine 
Treatment: 10 0 .102 1.55 
Control vs rest l 0.235 
Among rest 
Diet 1 0.00169 0.0257 
Day 4 0. 170 2.583 
Diet day 4 0 . 0259 0.393 
Error 33 0.0659 
Urinary creatinine 
Treatment 10 28.24 9. 90 ** 
Control vs rest 1 56.39 
A<long rest 
Diet 1 6.626 2.32 
Day 4 52.37 18.37 ** 
Diet day 4 2.486 0.87 
Error 33 2.851 
ScrW!I uric acid 
Treatment 10 2.417 6.39 "" 
Control VS rest 1 1.606 
Among rest: 
Oiet 1 9.101 24.07 
"* Day 4 2.651 7.01 
*" Diet day 4 o. 714 1.89 
Error 33 0 . 378 
Table 7. 
Source of variance 
Treatment 
Control vs rest 
Among rest 
Diet 
Day 
Diet day 
Error 
Treatment 
Control vs 
Among rest 
Diet 
Day 
Diet day 
Error 
Treatment 
Control vs 
Among rest 
Diet 
Day 
Die t day 
Error 
rest 
rest 
Continued 
df Mean squares 
Urinary uric acid 
10 2.754 
1 0 .021 
1 0.063 
4 5.964 
4 0 .898 
33 1.027 
Total serum protein 
10 3.427 
1 3.853 
1 1.358 
4 7. 059 
4 0.456 
33 0.751 
Urinary amino nitrogen 
10 3 . 336 
1 2.156 
1 26.87 
4 0.850 
4 0.234 
33 0.889 
* Significant at 5 per cent level. 
*" Significant at 1 per cent level. 
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F 
2.68 ,.,. 
0.062 
5.81 *" 
0.875 
4.56 ** 
1. 81 
9.39 "" 
0.606 
3.75 ** 
30.21 ** 
0.96 
0.263 
Days of 
study 
0 
7 
14 
15 
16 
17 
18 
Table 8. Mean values for all biochemical data obtained from humans 
Diet {% ;)fo. of Total nitrogen Urea 
protein subjects Serum mg% Urine Serum mg% 
cal.) gm/24hrs. 
Original 6 1270.80±43.418 12.01=2.52a 33.13+7 .19 a 
diet 
12 6 1210. 30±117. 3 8.49=2.47 13. 73+4. 91 
12 6 1151. 50± 52.02 7.63±3.30 21. 20+2. 29 
30 6 1218.95±74.77 15.12±2.41 22.00+3.44 
30 6 1205.68:!:53.69 12 .88:!:3 .71 23.66+3.15 
30 6 1182. 63±59. 51 13.43±2. 79 26.26+2 . 71 
30 6 1140. 30±22. 59 13.15±2.39 26.49+2.28 
-
•standard deviation 
Urine 
gm/24hrs. 
23.6±4.48 
9.8±4.6 
11. 3±4.1 
24 . 9±7 . 6 
17.2±7 . 0 
23 . 8-t6.6 
25.8.16.8 
CD 
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Tab.le 8 . Continued 
Days of Diet (% No. of 
study protein subjects 
cal.) 
0 Original 6 
diet 
7 12 6 
14 12 6 
15 30 6 
16 30 6 
17 30 6 
18 30 6 
-
8Standard deviation 
Creatinine 
Serum mg% Ur ine 
glll/24hrs. 
0 .93%0 .0528 1.43±0.29 a 
2 . 43±2.45 1.12±0.33 
0.98±0 .56 1. 01±0 . 4 7 
0.99±0.054 l. 40±0 . 25 
0.96±0 .082 1.30±0. 25 
0.90±0.084 1. 53±0. 30 
0.87±0.094 1. 46±0. 21 
Uric: acid 
Serum mg% Urine 
p/24hrs. 
0.935±0. 208 151. 65±46. 388 
5 . 43±1.60 260. 10±141. 91 
4 . 5711.98 136.92:!;103 . 07 
3.75±0.57 272 . l5U13 . 87 
4.99±2.04 256 .45±00.60 
8. 37±1. 36 364 .18±113. 27 
5.73±0. 50 319 . 53±50.99 
0> 
w 
Days of 
study 
0 
7 
14 
15 
l6 
17 
18 
Table 8. Continued 
Diet (% No. of 
protein subjects 
cal.) 
--
Original 6 diet 
12 6 
12 6 
30 6 
30 6 
30 6 
30 6 
-
8 Standard deviation 
Total serum protein Amino nitrogen 
gm% Serum mg% Urine 
mg/24hrs . 
a 9 . 64 1. 21 62.40 14.618 169.25 136.934 
7.29 1.03 76 . 67 17 . 80 43.02 27.97 
6. 53 1. 34 91.60 10.71 29.33 26.70 
4. 71 1. 52 86 . 00 18.78 329.63 62.33 
3.721.27 82.85 6 .40 340 . 83 107.98 
5.96 1.82 66.88 9.67 521. 32 192 . 65 
6.77 1.44 71.50 6. 34 333.83 65.31 
"' 
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Table 9. Amount of urine excreted by the rats fed a 40 per 
cent or a 10 per cent casein diet for the period 
of 24 hours 
No. of rats Diet Volumes of urine 
ml/24hrs. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.5 
26 
27 
28 
29 
30 
31 
32 
% casein 
10 
40 
40 
40 
40 
40 
10 
10 
0.5 
3.75 
12.5 
4.0 
11.25 
20.0 
10.25 
10.5 
18.0 
5.0 
22.0 
22.5 
22.5 
6 . 5 
14.0 
19 . 5 
15.0 
15 .o 
18.0 
16 • .5 
17.0 
27.5 
13.0 
14.0 
2.0 
3.0 
3.0 
3.0 
11.0 
3.5 
3 . 0 
9.0 
Table 9. Continued 
No. of rats Diet Volumes of urine 
X casein ml/24hrs. 
33 6.0 
34 10 6.5 
35 5. 5 
36 10.5 
37 10.0 
38 10 6.5 39 7.0 
40 8.0 
41 10 . 0 
42 10 9 . 0 43 9 . 5 
44 9.0 
Table 10. The daily excretion of urine by human subjects eating low and high protein 
calorie diets. Unit: ml/24hrs . 
No. of 
1 
Days of urine 0 7 14 15 16 17 
subjects collected 
ND8 J..PDb HPDc Diet I..PD2 HPD2 HP03 1 1 
18 
HPD4 
1 1050 1500 800 1410 1150 1410 1125 
2 1160 840 800 1100 500 990 
3 835 650 300 800 1000 700 1200 
4 500 855 600 950 1340 1265 1295 
5 900 875 420 990 825 900 
6 840 755 760 770 700 650 
a ND refers to normal diet. 
b LPD refers to low protein diet containing 12 per cent protein calories. 
cliPD refers to high protein diet containing 30 per cent protein calories. 
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Appendix C 
Figures from the Enzyme Study 
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Figure 15. The effect of dietary prot ei n on D-amino acid 
oxidase of r at liver when rats were fed a 40 per 
cent casein diet ( . • ) or a 10 per cen t 
casein diet (-*- *-) 
10 
9 
8 
7 
~ 
" ., 
6 
... 
_,. 
..... 5 
"' .c ..... 
..... 
::1 
N 4 
0 
xlO 
4 
3 
>-
.. 
" "" ... 
.>< 
!i, 
2 ..... 
"' £.
..... 
.... 
::1 
N 
0 
D-AMINO ACID OXIDASE OF RAT KIDNEY 
TOtAL 
- - .... ~ 
PER GRAM KIDNllY 
-- -- --~-/ 
0 2 
~-- --~ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
,X 
~ 
4 
/ 
/ 
/ 
/ 
Days of study 
/ 
)<., 
/ 
--'x---"' 
8 
90 
Figure 16. The effect of dietary protein on D- amino acid 
oxidase of rat kidney when rats were fed a 40 per 
cent casein diet (. . ) or a 10 per cent 
casein diet (-*-*-) _____ . 
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Figure 17. The effect of dietary protein on D-amino acid 
oxidase of human serum by changing the dietary 
protein level from 12 per cent protein calories 
(-*-*-) to 30 per cent protein calories (. .) 
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Figure 18. The effect of dietary protein on arginase of rat 
liver when the rats were fed a 40 per cent casein 
diet (. . ) or a 10 per cent casein diet 
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Figure 19. The effect of dietary protein on arginase of rat 
kidney when the rats were fed a 40 per cent casein 
diet ( . __ .) or a 10 per cent casein diet ( -*-*-) 
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